The solvent dependence of the photooxidation of tryptophan and 3,4-benzopyrene in aqueous solutions was studied by quantum yield measurements. When the hydrocarbon is dissolved in aqueous solution of caffeine, the quantum yields indicate a 3,4-benzopyrene photosensitized trypto phan oxidation instead of a photocooxidation, which is indicated in aqueous solution of sodium dodecylsulfate. The same photosensitized oxidation as in caffeine solution is observed, when urea ( 6 m ) is added to the soap solution, while the fluorescence and absorption spectra indicate no change in the solvation state of the hydrocarbon, comparable to the change from hydrophobic solubilization by the detergent to dipole -induced dipole complex solubilization by caffeine. It is concluded that the difference in the reaction pathways is caused by different solvation states of the excited or reacting oxygen. In the discussion of the results it is referred to reactions of inhibitors.
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The solvent dependence of the photooxidation of tryptophan and 3,4-benzopyrene in aqueous solutions was studied by quantum yield measurements. When the hydrocarbon is dissolved in aqueous solution of caffeine, the quantum yields indicate a 3,4-benzopyrene photosensitized trypto phan oxidation instead of a photocooxidation, which is indicated in aqueous solution of sodium dodecylsulfate. The same photosensitized oxidation as in caffeine solution is observed, when urea ( 6 m ) is added to the soap solution, while the fluorescence and absorption spectra indicate no change in the solvation state of the hydrocarbon, comparable to the change from hydrophobic solubilization by the detergent to dipole -induced dipole complex solubilization by caffeine. It is concluded that the difference in the reaction pathways is caused by different solvation states of the excited or reacting oxygen. In the discussion of the results it is referred to reactions of inhibitors.
In tro d u ctio n
It has been shown earlier 1; 2, that tryptophan is photocooxidized with 3,4-benzopyrene in aqueous soap solutions, when the solutions are irradiated in the long wavelength UV-absorption range of the hydrocarbon. In this paper it is studied, how the reaction pathway depends on the aqueous solvent system.
The The solubility of polycyclic aromatic hydrocar bons in aqueous solutions of detergents was first shown by Ekwall et al. 3. It is due to hydrophobic areas of the micelles, which are formed by the deter gent molecules. According to Frank and E v a n s4, Stauff 5, Kauzmann 6, and Nemethy and Scheraga 7 in the interface of hydrophobic ranges and water, water structure has a higher degree of order than water structure in pure water. Experimental evi dence is best described by a larger number of hy drogen bonds between water molecules in the inter face as compared with the number of hydrogen bonds per m oles of water in pure water (Nemethy and Scheraga 7, cf. Nemethy 8) . 
R esults and D iscussion
The change in the absorption spectra of aqueous solutions containing 3,4-benzopyrene and trypto phan on irradiation with light of the wavelength 3 66 nm is shown in Figs. 1 and 2. In Fig. 1 the in fluence of addition of 6 M urea on the reaction in aqueous solutions of sodium dodecylsulfate is de monstrated by comparison of Figs. 1 b and 1 c. In  Fig. 1 a the reaction of 3,4 -benzopyrene is shown, when no tryptophan or urea is added. Fig. 2 presents the corresponding series in aqueous solution of caf feine. The solutions were saturated in 3,4-benzo pyrene and tryptophan respectively. The concentra tions of tryptophan in its saturated solutions, which were determined by absorption spectrometry, were 1.5 i 0.3 • 1 0^2 M, the hydrocarbon concentrations were between 0.7 and 1.5 • 1 0 -5 M.
The decrease of 3,4-benzopyrene during irradia tion is seen in the decrease of the absorption bands of the hydrocarbon. As is shown in Figs. 1 a and 1 b the decrease of 3,4-benzopyrene becomes larger in solutions containing tryptophan. When 6 M urea is present (Fig. 1 c) this decrease is reversed, while the large increase of the tryptophan-photoproduct absorption remains unchanged. To estimate the formation of photoproducts the increase of absorp tion at 335 nm was evaluated. In caffeine solutions (Figs. 2 a -c) nm ---- Table I ) and for the photoproducts of the cooxida- Table I ) . Later in the cooxidation reaction the increase of the absorption of the photoproducts be comes larger although the benzopyrene concentra tion is decreasing with cooxidation. This indicates a possible photosensitizing effect of photoproducts containing benzopyrene photocooxidation products. The absorption of photoproducts at 3 6 6 nm and the benzopyrene absorption at 3 3 5 nm has been taken into account in the evaluations of absorbed inten sities and photoproduct absorption at 335 nm respec tively. In caffeine solutions containing tryptophan a steep rise of absorption is observed below 335 nm towards shorter wavelengths already before irradia tion. This rise, which is not seen in the correspond ing soap solution spectra, is due to a shift of the tryptophan absorption to longer wavelengths by the 0.5% caffeine content. The shift by high concentra tions of caffeine was realized using cuvettes with 0.01 cm pathlength. In these cuvettes with saturated tryptophan solutions in water containing 0.05% caf feine against 0.5% caffeine solution in water as reference, tryptophan maxima were determined at 279.5 nm and 288 nm, which were at 2 78.5 nm and 287 nm respectively, when determined with the same solutions at a dilution rate with water of 1 : 100 in cuvettes with pathlengths of 1 cm. A small shift is sufficient to cause the strong rise of the absorption in Figs. 2 b and 2 c because of the high tryptophan absorption in these saturated solutions at 1 cm path length. The rise is merely additive and has no in fluence on the increase of absorption during irradia tion within the experimental error.
The effect of caffeine and urea on the mechanism of the photoreaction is well seen, when the quantum yields of benzopyrene decom position are compared (Table II) . In soap solution containing tryptophan the quantum yield of benzopyrene oxidation is about 3.5 times that of the solution without tryptophan (Table II, Boyland and Green 16) , no matter whether the solu bilization is brought about by purine derivatives, proteins, or soap. Under the assumptions, that the Stokes'-radii of oxygen and the lifetimes of fluorescence of 3,4-benzopyrene without quenching are the same in water and ethanol, using the Stern-Volmer-equation the steady state diffusion controlled dynamic oxygen quenching of the 3,4-benzopyrene fluores cence in water can be calculated from the solubilities and the diffusion coefficients of oxygen in water and ethanol, resulting in 18% quenching under air of 1 atm. The difference between this value and the observed 0% quenching is larger than the experimental error. turn yield of benzopyrene decomposition is smaller, when tryptophan is present than without tryptophan (Table II, third lin e), the latter being about 2.5 times the value of the corresponding soap solution. Addition of urea (Table II , second line) shifts the quantum yields from the values, which are observed in the soap solutions (Table II, first lin e), nearly to the same values, which are determined for the cor responding caffeine solutions (Table II, third lin e), where the effect of urea is within the limits of the experimental error (Table II, (Table II , first line, second row) but also smaller than the values for the cor responding solutions without tryptophan (Table II, first row, second, third, and fourth lin e ). The absorption spectra in Figs. 1 and 2 and the fluorescence spectra in Fig. 3 show, that the main absorption and fluorescence band maxima of 3,4-benzopyrene are shifted about several nanometers to longer wavelengths in solutions of caffeine when compared with solutions in dodecylsulfate (Tables  III and I V ) . When 6 M urea is added to the dodecyl sulfate solution, a small shift of the benzopyrene band maxima is observed, which is scarcely above (Tables III and IV ) . By ad dition of urea to the caffeine solutions the benzopyrene spectra are not changed at all. Accordingly as far as indicated by band shifts of the hydro carbon, no change of the benzopyrene solution state is produced by urea, which could be compared to the effect of the soap against caffeine. Consequently, as far as this correlation is valid, the influence on the mechanism of the reaction is not due to changes in the solvation state of the benzopyrene m olecule but to changes in the neighbouring water structure. As the changes in the quantum yields do not only occur in solutions containing tryptophan, but also when 3,4-benzopyrene is photooxidized alone, the only possibility left is a change in the solvation state of oxygen. This is taken into account by the follow ing reaction scheme, which is consistent with the experimental evidence:
Photocooxidation: The influence of hydrophobic interaction might be important in the carcinogenic and photodynamic ac tivity of 3,4-benzopyrene and other polycyclic aro matic hydrocarbons22. Similar environmental changes of reaction pathways m ight also not only be valid, when the energy of the reaction is supplied by a process another than light excitation but also in carcinogenic reactions not involving hydrocar bons, as for instance with ionizing radiation. Corre spondingly similar differences in reaction mecha nisms might exist for the inhibition of radiation damage in correlation with its different consequen ces as carcinogenesis, mutation or cellular death.
Financial support for this investigation was pro vided by the Deutsche Forschungsgemeinschaft and
